Research work on viral gastroenteritis in Kenya has focused on only group A rotaviruses so far (4, 19, 23, 30) , mainly because of the clinical importance of group A rotaviruses. Another reason is that a practical method like enzyme immunoassay (EIA) for the detection of other gastroenteritis viruses, especially for human caliciviruses (HuCVs), is not available in that country. HuCVs have been divided into at least three genogroups (genogroup I, represented by Norwalk virus [NV] ; genogroup II, represented by Snow Mountain virus; and genogroup III, represented by Sapporo virus [SV] [2, 8, 25] ) on the basis of genome analysis of the RNA-dependent RNA polymerase region and capsid protein region and also differences in antigenicity. Because of these antigenic differences in HuCVs, at least three kinds of EIA systems are needed to detect these HuCVs. Such EIAs have been limited to only a few research institutes in the world because of a limited supply of the reagents.
The recent success of NV and Mexico virus (MXV; genogroup II HuCV) gene cloning and the production of the recombinant NV (rNV) and recombinant MXV (rMXV) capsid proteins by the baculovirus expression system (11, 14) has resulted in the availability of an unlimited amount of rNV and rMXV antigen and high-titer hyperimmune sera to rNV and rMXV to enable large-scale epidemiological studies. The EIA for SV is available at the Department of Pediatrics, Sapporo Medical University, Sapporo, Japan (22) . Previous seroepidemiological studies by these EIAs indicate that infection with NV, MXV, or SV is very common in the world (9, 10, 18, 20, 21, 24, (26) (27) (28) .
Because a systematic survey of the HuCV infections and associated gastroenteritis in infants has not been conducted in Kenya, we conducted an epidemiological study to clarify the prevalence of HuCV infections in infants and adults in Kenya. Diarrheal stool samples obtained from infants who were mainly outpatients in two districts and in Nairobi, Kenya, were examined by the EIAs for viruses in the three genogroups of HuCVs to clarify the importance of HuCVs in causing infantile gastroenteritis in an outpatient setting. The age-related prevalence of serum antibody to three HuCVs was also examined by blocking EIAs (10, 22, 24) .
MATERIALS AND METHODS
Clinical specimens. One thousand four hundred thirty-one stool samples were collected from children younger than 6 years old with acute gastroenteritis who were visiting outpatient clinics in Nanyuki, Kitui, and Nairobi, Kenya, from August 1991 to July 1994. Fifty-three percent of the stool samples were obtained from infants younger than 11 months old, 34% were from children 12 to 24 months old, 7% were from children 25 to 36 months old, and 6% were from children 37 to 72 months old. These samples had been examined by conventional EIA for group A rotavirus and by EIA with monoclonal antibodies to either type 40 or type 41 enteric adenoviruses (23) . These samples were also tested by the antigen EIA for SV (genogroup III human calicivirus) (22) . One thousand one hundred eighty-six stool specimens were examined by the antigen EIA for NV (genogroup I human calicivirus) (24) , and 246 stool specimens were examined by the EIA for MXV (genogroup II human calicivirus) (10, 13) . Stool samples were prepared as a 10% (wt/vol) suspension in 10 mM phosphate-buffered saline (PBS; pH 7.4) and clarified by centrifugation at 7,000 ϫ g for 20 min. The aqueous phase was stored at 4°C until it was tested. Serum specimens. Eighty serum specimens were collected from adult patients (ages, 20 to more than 50 years) with liver diseases in Mombasa, Machakos, and Nairobi, Kenya, from 1991 to 1995. One hundred thirteen serum specimens were obtained from children (ages, 0 months to 19 years) without gastroenteritis who were chronic hepatitis B virus carrier cases in Maragua in Kenya from 1986 to 1989 (32) . For testing, these sera were divided into 10 groups according to the ages of the donors (0 to 3, 4 to 11, and 12 to 23 months and 2 to 5, 6 to 11, 12 to 19, 20 to 29, 30 to 39, 40 to 49, and older than 50 years), and 18, 18, 19, 19, 19, 20, 20, 20, 20 , and 20 samples from individuals in each age group, respectively, were tested for antibodies to NV and MXV. For the detection of antibody to SV, 5, 10, 8, 13, 11, and 11 samples from individuals in each of the age groups consisting of individuals younger than 19 years, respectively, and 6 serum samples from adults ages 20 to 29 years were tested. All serum specimens were stored at Ϫ20°C until they were used and were tested without knowledge of the age of the subjects.
Baculovirus-expressed NV or MXV capsid antigen. NV and MXV capsid antigens (rNV and rMXV, respectively), which were produced by the baculovirus expression system, were obtained as described previously (11, 14) . rNV and rMXV were diluted to a concentration of 1 g/ml and were used for the following experiments.
EIA for detection of three genogroups of caliciviruses. The EIAs for SV antigen and for NV antigen in stools were done as described previously (22, 24) . The EIA for MXV antigen was performed in the same way as described above for the EIAs for SV and NV antigens, but a modified EIA which was different from the original EIA for MXV antigen described previously (13) was used. The sensitivity and specificity of the EIA for MXV antigen have been described elsewhere (10) . Briefly, PBS containing 10% fetal calf serum, 1% bovine serum albumin (BSA), and 0.05% Tween 20 was used as the dilution buffer for stool samples, blocking serum, and detector antibody. The peroxidase-conjugated goat antibody to rabbit immunoglobulin G was diluted in PBS containing 5% normal guinea pig serum, 1% BSA, and 0.05% Tween 20. Duplicate wells of the 96-well polyvinyl chloride flat-bottom microtiter plates (Dynatech Laboratories, Inc., Alexandria, Va.) were each coated with 100 l of a 1:10,000 dilution of either hyperimmune guinea pig serum to MXV or preimmune guinea pig serum diluted in 10 mM PBS (pH 7.4), and the plates were incubated at 4°C overnight. The plates were then washed five times with PBS containing 0.05% Tween 20 (PBS-T) and were blocked with 1% BSA in PBS for 60 min at 37°C. The residual blocking fluid was then removed, 50 l of the dilution buffer was added to all wells, and then 25 l of each test sample (10% stool suspension) was added. The plates were incubated at 4°C overnight. After five washings in PBS-T, 50 l of a 1:5,000 dilution of rabbit serum hyperimmune to MXV was added, and the plates were incubated for 90 min at 37°C. After five washings in PBS-T, 50 l of a 1:10,000 dilution of peroxidase-conjugated goat antibody to rabbit immunoglobulin G (Seikagaku Corporation, Tokyo, Japan) was added. The plates were incubated for 90 min at 37°C and washed five times in PBS-T. A 100-l portion of o-phenylenediamine dihydrochloride (0.4 mg/ml; Wako Pure Chemical Industries, Ltd., Osaka, Japan) in 0.15 M citric acid buffer (pH 4.0) containing 0.4 l of 30% H 2 O 2 per ml was added to each well, and the plates were incubated for 30 min at room temperature. The reaction was stopped with 100 l of 1 M H 2 SO 4 , and the A 492 was measured with an EIA reader (Easy Reader EAR400; SLT-Labinstruments).
For each sample, the results were expressed as the ratio of the A 492 for wells coated with hyperimmune serum (positive) to the A 492 for wells coated with preimmune serum (negative) (P/N ratio). The cutoff value of this system was obtained by testing 20 stool suspensions from patients with group A rotavirus gastroenteritis. The mean P/N ratio of these samples plus 3 standard deviations was 1.7. A P/N ratio of Ͼ1.7 and an A 492 of Ͼ0.075 were considered to indicate a positive reaction. All tests were performed in duplicate, and the results were averaged. The optimal dilutions of reagents were determined by checkerboard titrations with rMXV capsid protein and 10% stool suspensions containing group A rotavirus. Positive controls consisting of rNV, rMXV, and SV antigens were run in each plate.
Blocking EIA for detection of antibodies for three genogroups of caliciviruses. Antibodies to NV, MXV, and SV were measured by a blocking EIA (10, 22, 24) . This format was used in this laboratory (Department of Pediatrics, Sapporo Medical University) to measure antibody to a variety of enteric viruses because of the advantages described previously (24) . The sensitivity and specificity of this EIA are described elsewhere (10) .
Statistical analysis. Student's t test or chi-square analysis was used where appropriate.
RESULTS

Prevalence of gastroenteritis viruses in Kenya.
The prevalence of gastroenteritis viruses in stool samples obtained from children younger than 6 years old who had acute gastroenteritis from August 1991 to July 1994 was as follows: group A rotavirus was the main virus detected every year and had a prevalence of 22.2% (range, 20.9 to 23.7%), followed by HuCVs at 2.2% (range, 0.7 to 4.9%) and enteric adenoviruses (type 40 and type 41) at 1.4% (range, 1.2 to 1.6%) (data not shown).
Detection of three genogroups of caliciviruses in diarrheal stool samples. One thousand one hundred eighty-six stool specimens were tested for NV antigen by the EIA. Only one (0.1%) of them was positive for NV antigen. The patient was a 6-month-old female who had a clinically mild case of diarrhea of 2 days' duration and 1 day of vomiting. Although this positive sample was tested by reverse transcription-PCR with the 35-36 primer set for the RNA polymerase region (12) , no PCR product was obtained, probably because of the presence of inhibitors in the stool sample. The presence of inhibitors was confirmed by inhibition of amplification of an internal standard to this sample (data not shown).
Thirty-two (2.2%) of 1,431 stool samples were positive for SV by the EIA for the SV antigen. The age distribution of the patients infected with SV ranged from 5 months to 6 years and 11 months (mean, 17.7 months), and the sex ratio (number of males/number of females) was 1.75. The seasonal shedding of SV from August 1991 to July 1994 is shown in Fig. 1 . In a tropical climate like Kenya, there are two seasons, dry and wet periods. In Kenya, the wet period usually lasts from April to July and from November to December and the rest of the year is the dry period. SV was constantly detected every year without regard to the climate in Kenya.
Complete clinical information was available for 1,286 of 1,431 patients. Although the mean duration of diarrhea due to SV (6.22 days; 22 samples) was longer than that due to group A rotaviruses (3.98 days; 284 samples), enteric adenoviruses (4.13 days; 20 samples), and no virus (4.55 days; 960 samples), there was no statistically significant difference among them (t test). However, the prevalence of persistent diarrhea which continued for more than 14 days was significantly higher in patients with diarrhea due to SV (5 of 22) than in patients with diarrhea due to group A rotaviruses (7 of 284) and no virus (48 of 960) (chi-square test).
Two hundred forty-six stool specimens were tested for the MXV antigen by EIA. None of them was positive for the MXV antigen.
Prevalence of antibodies to three genogroups of caliciviruses. The age-related prevalence of serum antibodies to NV, MXV, and SV in Kenya is shown in Fig. 2 . Six (33.3%) or seven (38.9%) of 18 infants below the age of 3 months had antibody to NV or MXV, respectively. The prevalence of serum antibody decreased thereafter and reached a minimum in the group consisting of 4-to 11-month-old children (22.2 and 11.1%, respectively). The rate of positivity for antibody to MXV steeply increased among preschool-age children, reached a maximum of more than 90% in the group consisting of 12-to 19-year-olds, and was maintained thereafter. On the other hand, the prevalence of serum antibody to NV increased to 58% in infants ages 12 to 23 months and was maintained thereafter at between 50 and 70%. The prevalence of serum antibodies to NV and MXV was statistically different (P Ͻ 0.01 and P Ͻ 0.05, respectively [chi-square test]) in the groups consisting of individuals older than 12 years of age (Fig. 2) . Although the sample number was smaller for SV-infected patients than those for patients infected with the other two viruses, the pattern of acquisition of serum antibody was similar to those for NV and MXV, except that no clear decrease in antibody prevalence was seen in the group consisting of individuals 4 to 11 months of age. The rate of positivity for antibody to SV was maintained at between 70 and 90% from infants to adults. DISCUSSION This is the first systematic study to investigate the role of three genogroups of HuCVs in causing gastroenteritis in an outpatient setting. SV-related strains were detected every year in 1 to 4% of diarrheal stool samples from infants younger than 6 years old, whereas NV and MXV were rarely detected or were not detected. However, the seroepidemiological study in Kenya suggested that acquisition of antibodies to three genogroups of HuCVs starts in early childhood and that infections with these three viruses are common in Kenya.
Several possibilities may explain the low rate of detection or lack of detection of NV and MXV compared to the high prevalence of antibodies to these viruses. First, the EIA for rNV or rMXV antigen detection is quite specific for prototype NV or MXV strains and may detect only a few strains of genogroup I or II HuCVs which are antigenically and genetically close to those prototype viruses (5, 24) . Actually, the EIA for rMXV, subgenogroup 2 of HuCV genogroup II, detects only a subset of subgenogroup 1 of HuCV genogroup II-positive samples (13) . More broadly reactive EIAs are required to overcome the possible explanation for the low rate of detection of NV and MXV antigen in stool samples described above. Second, the positive reactions for NV or MXV antibody by the EIA may reflect separate infections with HuCVs of the same genogroup. Serological responses can detect the antigenic relatedness among viruses of the same genogroup more broadly than the antigen detection method (16) . Third, NV and MXV gastroenteritis might be milder than SV infections and may not require visits to outpatient clinics. Finally, these viruses may cause diseases other than acute gastroenteritis. Low rates of detection of NV and MXV in infantile gastroenteritis were also demonstrated in Japan (10, 24) and the United Kingdom (1, 26) , so that practical methods for the detection of the antigen more broadly and the examination of large numbers of samples are needed.
SV seemed to be an important gastroenteritis virus along with group A rotavirus as a cause of infantile viral gastroenteritis in Kenya. This virus was constantly detected in Kenya every year without seasonality, which was similar to the findings for developed countries like Japan (17) . Interestingly, the prevalence of persistent diarrhea continuing for 14 days or longer was significantly higher in patients infected with calicivirus than in patients infected with group A rotavirus and patients who were virus negative. A combination of SV infection with other factors in Kenya might play a role in this phenomenon because similar findings were not found in Japan. Two reports have suggested a relationship between enteric adenovirus gastroenteritis and persistent diarrhea (7, 29) , but another report does not (31) . Further investigation is required to clarify the causes of persistent diarrhea, which increases the risk of malnutrition and mortality among children in developing countries.
Generally, NV infection is more prevalent in developing countries than in developed countries, and differences in hygienic conditions between those countries may be one of the factors responsible for this difference (15) . However, a high prevalence of antibody to NV was reported even in developed countries after the introduction of sensitive immunoassays like radioimmunoassay and EIA (3, 6, 24) , whereas a lower prevalence has been reported in the other developed countries like the United Kingdom (26) and Norway (20) . In contrast, even adults in developing countries, like Kenya in this study, show a low prevalence of antibody to NV. One possible explanation may be that there is a difference in sensitivity to NV infection among individuals of different races. Some individuals remained resistant to NV infection even after virus challenge in volunteer studies, whereas others sensitive to NV have been repeatedly infected with NV following sequential challenge (16) . Further investigation of the sensitivities of black African and Scandinavian individuals to NV is required to clarify these possibilities. The other possibility is that a low population density may result in a low rate of infection with NV (3, 26) . The sera from adults in Kenya used in this study were collected from adults residing in rural areas.
Whereas EIAs for the detection of antigens of and antibodies to the three genogroups of human caliciviruses are now available, the development of more broadly reactive EIAs is necessary to clarify more precisely the natural history and epidemiology of human calicivirus infections throughout the world.
